Background Serum homocysteine (Hcy) and vitamin B12 (VitB12) were investigated as serological markers for the prediction of pemetrexed induced haematological toxicity in patients with adenocarcinoma of the lung.
Introduction
Epidemiology studies indicated that lung cancer was the most diagnosed malignant carcinoma word wide and the leading cause of cancer-related deaths for males and second for females [1] . The majority of diagnosed lung cancer cases were of an advantage stage and often unresectable [2] . Chemotherapy was the most common treatment for these advanced lung cancer cases; however, only ~30% of patients typically benefit from first-line platinum-based chemotherapy [3] . Recently, several prospective randomized clinical trials demonstrated that overall survival (OS) and disease-free survival (DFS) could be improved for lung adenocarcinoma patients who received pemetrexed chemotherapy regimen as first-line treatment [4] [5] [6] [7] . However, haematological toxicities such as leucopenia, neutropenia and thrombocytopenia were common and therefore limited its clinical application. Consequently, the ability to predict pemetrexed induced haematological toxicity and thus reduce these instances was of vital importance. Previous studies have demonstrated that serum Hcy levels were correlated with the severity of pemetrexed induced haematological toxicity [8] . The higher the pre-chemotherapy serum Hcy level, the higher the risk of developing pemetrexed induced haematological toxicity. In this study, we included 35 lung adenocarcinoma patients and evaluated the efficacy of serum Hcy and VitB12 concentrations as serological markers of haematological toxicity when treated with pemetrexed.
Material and Methods

Patients
This work was approved by the Medical Ethics Committee of Tianjin Union Medical Center (Tianjin People's Hospital), Tianjin, P.R. China. The research related to human use had complied with all the relevant national regulations, institutional policies and in accordance with the Helsinki Declaration, and had been approved by the Tianjin Union Medicine's institutional review board or equivalent committee. A total of 151 chemotherapy cycles were administered to the 35 lung adenocarcinoma patients. Serum Hcy and VitB12 concentrations were determined in 61 of the 151 chemotherapy cycles. The pathology type was adenocarcinoma of the lung. The Eastern Cooperative Oncology Group (ECOG) performance score was 0, 1 or 2. The expected survival time was more than three months. Routine blood test, liver and kidney function test and myocardial enzyme test were all in accordance with the indications of chemotherapy. Informed consent was given by all included patients. Patients with hyperhomocysteinemia were excluded as well as those with previous long-term use of either VitB12, VitB6 or folic acid.
Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the Medical Ethics Committee of Tianjin Union Medical Center (Tianjin People's Hospital), Tianjin, P.R. China.
Informed consent: Informed consent has been obtained from all individuals included in this study.
Chemotherapy regimen
The patients received a 500 mg/m 2 dose of pemetrexed (Eli Lilly and Company) intravenous drip once every three weeks (single cycle) until disease progression. One-week prior to pemetrexed administration, 40 μg folic acid (Tianjin Lisheng Pharmaceutical Co., Ltd) was administered orally.
Haematological toxicity evaluation
The lowest concentrations of leukocytes, neutrophils and platelets after chemotherapy were used as the criteria for evaluating the severity of haematological toxicity. The chemotherapy-related haematological toxicity severity was described using the Common Terminology Criteria for Adverse Events (CTCAE) v3.0 [9] .
Serum Hcy and VitB12 measurement
Five mL of peripheral venous blood was collected one-day prior to chemotherapy and injected into the biochemical test tube. The blood was centrifugated at 3000 r/min for five minutes to obtain serum. Serum Hcy and VitB12 levels were examined by Roche CO-BAS E601 automatic immune analyzer via an electrochemiluminescence method. All operations were carried out in strict accordance with the manufacturer's instructions. SPSS 18 .0 statistical software package (SPSS, Inc., Chicago, IL, USA) was used for data analysis. Measurement data were expressed as mean ± standard deviation and analyzed by student t-test. The enumeration data were expressed with a relative number, and the comparison between groups was made by chi-square test. Serum Hcy and VitB12 in the prediction of the severity of chemotherapyrelated haematological toxicity was analyzed by receiver operating characteristic (ROC) curves and area under ROC curve (AUC). Two-tailed p<0.05 was considered statistically significant.
Statistical analysis
Result General characteristics of the included lung adenocarcinoma patients
The 35 lung adenocarcinoma patients had a mean age of 63.4±11.2 years. Sixteen patients received first-line pemetrexed chemotherapy, and the other 19 cases received second-line pemetrexed treatment. The general characteristics of the included 35 cases were shown in Table 1 .
Haematological toxicity
A total of 151 chemotherapy cycles were given to the 35 lung adenocarcinoma patients. However, the serum Hcy and VitB12 concentration were only analysed from 61 of the 151 chemotherapy cycles. Of the 61 cycles, grade 2-4 leucopenia, neutropenia and thrombocytopenia were observed in 21, 20 and 10 cases, respectively. Grade 2-4 haematological toxicities of each chemotherapy cycle were shown in Table 2 . Only one-cycle of chemotherapy resulted in grade 4 neutropenia and thrombocytopenia.
Correlation between serum Hcy and VitB12 concentrations and haematological toxicity
The serum Hcy concentrations were 14.91±4.67 μg/ ml, 15.50±4.35 μg/ml and 16.04±4.90 μg/ml for grade 2-4 leucopenia, neutropenia and thrombocytopenia respectively, which were significantly higher than those of grade 0-1 groups (p<0.05), Table 3 . However, the serum VitB12 concentrations were not statistically different between grade 0-1 and 2-4 haematological toxicity groups (p>0.05), Figure 1 . 
Severity of haematological toxicity predicted by serum Hcy and VitB12 concentrations
The 
Discussion
Pemetrexed known as folate antimetabolites is similar to folic acid. The anti-cancer activity of pemetrexed inhibited thymidylate synthase (TS), dihydrofolate reductase (DHFR), and glycinamide ribonucleotide formyltransferase (GARFT) [10] in purine and pyrimidine synthesis. Pemetrexed can inhibit the formation of precursor purine and pyrimidine nucleotides, preventing the formation of DNA and RNA, which are required for the growth and survival of both normal and cancerous cells [11, 12] . Clinical trials have shown that compared to other platinum-based chemotherapy regimens, pemetrexed alone or in combination with platinum can improve the prognosis of patients with non-squamous cell lung carcinoma [7, 13] . Kreuter and his colleges [14] performed a randomized phase 2 clinical trial and evaluated the clinical efficacy of adjuvant chemotherapy with cisplatin and pemetrexed versus cisplatin and vinorelbine for earlystage lung adenocarcinoma. They found that adjuvant chemotherapy with cisplatin and pemetrexed was safe, less toxic with superior dose delivery when compared with cisplatin and vinorelbine. However, grade 3/4 pemetrexed induced haematological toxicity was a major obstacle for high-dose clinical application. Several studies have shown haematological toxicities during pemetrexed chemotherapy regimens for lung carcinoma were common [15] [16] [17] . Studies have also shown that haematological toxicity was not only related to pemetrexed dosage but also with the serum level of Hcy, VitB12 and folate [18, 19] . Folic acid administration prior to chemotherapy reduced pemetrexed related haematological toxicity [20] . In addition, serum Hcy concentration also correlated with haematological toxicities in patients receiving pemetrexed chemotherapy [21] . However, the serological markers for haematological toxicity in lung adenocarcinoma treated with pemetrexed were seldom reported. Cao et al. [22] evaluated the correlation of peripheral blood Hcy, VitB12 and folic acid levels with pemetrexed induced haematological toxicity. The results indicated that severe neutropenia correlated with serum Hcy concentrations and patients with elevated serum Hcy had an increased risk of developing severe neutropenia. However, this work did not discuss the predictive performance of serum Hcy, VitB12 and folate as a serological marker for the prediction of haematological toxicity. In our study, we found that the serum Hcy levels were correlated with pemetrexed haematological toxicity, including leucopenia, neutropenia and thrombocytopenia, in accordance with the conclusion of Cao et al. [22] . In addition, we also evaluated the predictive value of serum Hcy and VitB12 for pemetrexed induced haematological toxicity and found that pre-chemotherapy serum Hcy levels can predict the risk of grade 2-4 haematological toxicity.
Conclusion
Pre-chemotherapy (pemetrexed) serum Hcy appeared to correlate with haematological toxicity and may be used as a serological marker to predict its severity. However, due to the small sample size and the fact that patients were recruitment from a single medical center, limited statistical power and patient selection bias were ineluctable. Another limitation was that some data relating to chemotherapy related toxicities were used more than once, and therefore, it is important to note that the statistical power may be exaggerated. Consequently, we suggest that a well-designed, prospective randomized clinical trial in lung adenocarcinoma patients is required to further investigate serum Hcy and VitB12 concentrations as biomarkers of pemetrexed induced haematological toxicity.
